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ABSTRACT 'I 

1 

A new rotor configuration called the variable camber rotor was numer- | 

ically investigated as a lift control device. This rotor differs from a 
conventional (baseline) rotor only in the blade aft section. In this 
configuration, the aft section or flap is attached to the forward section by 
pin joint arrangement, and it is also connected to the rotor control system 
for the control of rotor thrust level and vectoring. It is pilot action to 
the flap deflection that controls rotor lift and tip path plane tilt. This 
report presents the drag due to flaps and correlate the theoretical result 
with test data. The assessment of payoff for the variable camber rotor in 
comparison with conventional (baseline) rotor was examined in hover. The 
variable camber rotor is shown to increase hover power required by 1.35%, 
but such a minimal power penalty is not significant enough to be considered 
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a negative result. In forward flight, the control needs of the variable 
camber rotor was evaluated. The result of the evaluation indicated that 
the variable camber rotor requires a flap setting of 6fgo “ -8.198® and 
5f270 * 29.998® respectively. However, the excessive negative flap de- 
flection at the advancing blade region makes It Impractical for use as a 
lift control device because it failed to demonstrate the ability to decrease 
rotor power requirements and resulted in reduced cruise efficiency. 


NOMENCLATURE 
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Ao 


Collective pitch, deg 


Ais, Bij, Coefficients in the representation of rotor-blade 

cyclic pitch that is 9c -A^g cos <{/ -Bis sin 
deg 

b Number of blades 


c 


Blade or airfoil chord 


Cd Blade element drag coefficient, drag/qc 

Cjj, Blade element lift coefficient, Lift/qc 


Cl = 

<5 £ 

36 


Variation of sectional lift coefficient with control 
surface deflection, deg"l or rad~l 


Ch = 8C 
6 

36’ 

Cn = 3C 

a _Jl 

36 

Cj/a 

L/De 

M 

M(1)(90) 

M(1)(270) 

q 

di 

R 

s 

V 


Variation of hinge moment coefficient with control 
surface deflection, deg-^ or rad“l 

Variation of hinge moment coefficient with angle 
of attack, deg-1 or rad"^ 

Rotor thrust coefficient (shaft-axes lift coefficient) 
thrust/ pS( nR)2 

Lift/drag ratio 

■ ^ 

Mach number 

Rotor-blade tip Mach number at 90® cVzimuth position 
Rotor-blade tip Mach number at 270® azimuth position 
Dynamic pressure, 1/2 pV^ 

Bending displacement, m 
B1 ade radius , m 

Reference area [(number of blade) x (blade chord) 

X (rotor radius)] 

Free strean) velocity, knots 
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NOMENCLATURE (continued) 

Advance ratio, V/ nR 

Blade element angle of attack, deg 

Angle of attack of control axis (swashplate) 
positive tilted aft, deg 

Angle of rotor shaft from vertical, positive shaft 
tilted aft, deg 

Flapping response, deg 

Flap deflection, deg 

Steady component of flap deflection, deg 

cos n tj; component of flap deflection, deg 

sin n ij; component of flap deflection, deg 

lag angle, deg 

Inflow angle of attack, deg 

Blade section pitch angle measured from the 
reference plane to the zero-lift line. 

cyclic pitch, deg 

Co’(lecti''e pitch at 0.75R, deg 

Density of air, kg/m^ 

Rotor Solidity, be/ ir R 

Induced inflow velocity, m/sec 

Rotor-blade azimuth angle, deg 

Rotor speed, rad/sec 

Rotor tip speed, m/sec 


INTRODUCTION 


Two problems constrain the flight capability of conventional helicop- 
ters, The first is available power and the second rotor systems loads. 
Aerodynamic efficiency of fixed geometry blades inevitably decreases in 
high speed as regions of the rotor disc become disproportional ly loaded. 
Rotor and control system loads build up as a direct result of increas- 
ingly severe advancing blade compressibility effects combined with the 
retreating blade stall effects. In seeking to relieve the various forward- 
flight limitations and maintain good hover performance, a rotor utilizing 
variable camber was conceived as a lift control device that could signi'^'i- 
cantly reduce control loads and eventually reduce total rotor system 
vibratory loads. 

The variable camber design that is the subject of this report incor- 
porates a large chord trailing edge flap for blade lift control to reduce 
control loads and Improve performance, while keeping the rotor control sys- 
tem as simple as possible. By using large chord flap, rotor lift control 
would be effected with small flap deflection, and so with small drag pen- 
alties and pitching moment excursions. With lift control being accomplished 
by flaps, then control loads could be greatly reduced through structural 
attachment of the flap to the blade combined with aerodynamic balances. 
Reference 1 presents data on application, of flap balance techniques to 
variable camber rotors and it was found that all the techniques were 
effective in reducing hinge moment. 
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This report expands the Initial Investigation (Reference 1) of the 
variable camber rotor concept by correlating the theoretical results of 
the drag due to flaps with test data, and also evaluates the control needs 
of the concept 1r1 forward flight. 

DESCRIPTION OF VARIABLE CAMBER CONCEPT 

Figures 1 and 2 snows the variable camber rotor with the flap neutral 
and the flap deflected respectively, and also delineates other features of 
the concept that are vital to achieving the design objectives. The primary 
features and their functions are as follows; 

e The primary load carrying structure is the forward section of the 
blade and is not connected to the control system. 

o The forward section is fixed. The f 1 op is used for lift modulator 
and rotor tilt. 

o The forward section has mechanical properties that are stiffer 

than the aft section (trailing edge flap) in all directions. 
» 

o The aft section or trailing- edge flap is f.ctached to the forward 
section by a pin joint arrangement. It is also connected to the 
control systecn such as a swashpl ate for the control of rotor 
thrust level and vectoring. This section is configured by aerody- 
namic and mechanical techniques to achieve low flap hinge moments . 

o The rotor hub is _ a conventional articulated hub or hingeless. 
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In view of the fact that the primary load carrying structure Is the 
forward section of the blade; and 1i not connected to the control system, 
the benefit of control by deflection of the flap should present an econom- 
ical system for attaining the control forces and moments, since the control 
system (trailing edge flap) react only a small amount of loacs generated by 
the blade; hence Its potential for having high loads Is greatly reduced by 
the design concept Itself. 

There Is one area of concern that could affect the viability of the 
concept. The drag of flapped configuration being more than that for con- 
ventional rotor. The drag due to flap deflection will first be reviewed. 

DRAG DUE TO FLAPS 

Having decided In Reference 1 that the trailing edge flaps were the 
best choice for variable camber concept, a preliminary configuration was 
adopted which included a plain flap with 0.50 chord ratio (see Figure 3). 
The 0.50 chord ratio was selected because of Its potential for providing 
relatively high maximum lift coefficient (in the 1.6 - 1.9 range), but 
mainly because, of the large aCl per degree of flap deflection. This 
latter characteristic enables the use of small deflections to obtain the 
desired lift hence, they minimize the drag Increment involved. 


OF POOR QUAUW 

Theoretical method ~t The two dimensional characterist'ics of the flapped 
airfoils were evaluated by moans of two airfoil analysis methods. 

1. The viscous transonic analysis (reference 2). 

2. The viscous/potenti al flow past single-element and multielement 
airfoils (Reference 3). 

The theoretical method of Reference 2 (Program H.) consists of the analysis 
of transonic flow past a supersonic wing section, whidh Includes the effect 
of a boundary layer correction. This method computes the transonic flow 
with shock waves around a given airfoil at a prescribed Mach number and 
angle of attack. The program consist of two parts. The first part process 
the airfoil coordinates and does a conformal mapping onto the unit circle, 
v/hi1e the second part solves the transonic flow equations for a specified 
Mach number and angle of attack. The first part need only be executed once, 
and then the second part can be repeated for various Mach numbers and angle 
of attack. The boundary layer correction is added to restore the original 
shape of the airfoil if there is no separation. The method of reference 2 
furnishes a- physically adequate computer 'simulation of the compressible 
flows that arise in practical problems of transonic aerodynam'cs , 

The theoretical method of Reference 3 consists of iteratively coupled 
potential flow, boundary layer, and viscous-wake analyses. With the excep- 
tion of a compressibility correction in the potential-flow calculation, the 
analysis assumes that the effects of compressibility are negligible. While 
in the case of the viscous flow analysis, the viscous calculations are sepa- 
rated into three types of flows; conventional boundary layers, turbulent 
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wakes, and confluent boundary layers. The first step In obtaining a complete 
viscous calculation is the analysis of the conventional boundary layer on 
upper and lower surfaces of the main airfoil. These upper-surface and lower 
surface bound ary- 1 ayer calculations provide the conditions for initial iz- 
Ing the turbulent wake analysis at the trailing edge of the main component. 
These analyses included Mach number and Reynolds number characteristics as 
a function of angle of attack. The Mach Jiumber and Reynolds number ranges 
were established based on the rotor environment in forward flight (see 
Reference 4, figures 2 and 3), 

Test/Theory Correlation In order to validate the drag values deter- 
mined for the flapped airfoils, using theoretical analysis, the performance 
( 

measured in the wind-tunnel test of Reference 5 for a NACA 65-210 airfoil 
with a 50-percent-chord flap was compared to the performance estimated for 
similar conf iguration using the airfoil code of Reference 2. The analysis 
found that fairly satisfactory agreement between t.est and theory were ob- 
tained (see Figures 4 to 5). 

Figure 5 shows the drag curves for the NACA 65-210 airfoil section. 
From figure 5, it was observed that the highest lift coefficient for which a 
low drag coefficient was obtained was 0,80 for a flap deflection of 10 
degrees. The corresponding drag coefficient, 0.0059, was much less than 
that of the plain airfoil at the same lift coefficient. The lift coeffi- 
cients data are presented in figures 6 and 7. 

The lifr, drag and pitching moment characteri sties of the unflapped 
airfoils were also determined by the same airfoil analysis .codes to afford 
direct comparative data. The lift, drag and pitching moment coefficients 
(taken from Reference 1) are presented in Figures 8 to 10, 
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Though the Uft, drag and ^tUching moments coefficients values generated 
by the airfoil analysis methods are considered reasonable^ the magnitude of 
the Increment in drag coefficient was compared by plotting the lift coeffi- 
cient versus drag coefficient for a VR-7 airfoil with 0.50c flap deflected 
10 degrees given in figure 9. Figure 9 shows that the highest lift coeffi- 
cient for which a low drag was obtained by theoretical analysis was 0.79 for 
a flap deflection of 10 degrees. The corresponding drag coefficient, 0.0059 
was less than that of the unflapped VR-7 airfoil with a drag coefficient of 
0.007 at the same lift coefficient of 0.79, This tends to correlate well 
with the values obtained by experimental analysis for the NACA 65-210 airfoil 
for a flap deflection of 10 degrees (see Reference 5). 

Also, presented (in figure 11) are the theoretical results of the 11ft/ 
drag polars for the NASA A-1 airfoil with 35 percent and 50 percent trailing 
edge chord flap ratios respectively, obtained from Reference 6. Figure 11 
shows that the positive lift coefficient range for which a low drag was 
obtained for Cf/c = 0.50 and Cf/c = 0.35 respectively, as compared with the 
unflapped airfoil was - 0.6 to 1.6. However, there wa? no clear ceiling 
values for aCj, but it was clear from figure 11 that the drag coefficient 
of 0.0208 at Cj, = 1.6 for Cf/c = 0,50 was much less than the drag coefficient 
of 0.023 for Cf/c = 0.35 at the same lift coefficient. It was also observed 
from the data presented in figure 11 and in Reference 5 that the range of Cl 
where the drag is low for an airfoil with a large chord flap could be shifted 
to a higher lift coefficients with small flap deflections. It is obvious 
therefore, that it should be possible to use a flap of this type to maintain 
low profile drags through a wide range of lift coefficient. 
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Another Interesting char*!cter1stf c shown by the Hft/drag polars (see 

figure 12), is the difference In growth of the drag between the positive 

and negative lift ranges for the unflapped airfoil and the flapped airfoils. 

Since a rotor blade is likely to encounter negative lift levels only at 

high subsonic Mach numbers (i.e. advancing blade), care must be exercised 

in defining the lower brand -f the drag polars at Mach numbers above 0.6, 

* 

for rotor blades with positive flap deflections. 

In general , empirical adjustments between test and theory seems to be 
very small (see figures 4 to 7), and would not contribute to the validity 
of the assessment of the usefulness of variable cainber concept,, 

HOVERING ROTOR PERFORMANCE 

To eval^*ate the hover performance characteristics of a rotor blade 
equipped with a 0.50 chord flap as described above, a prescribed wake hover 
computer program called PWAKE was used (Reference 7). The PWAKE is based 
on the application of lifting line theory to the calculation of rotor hover 
performance, with a prescribed wake representation derived from experimen- 
tal flow vi sual 1 zation studies of model rotor wakes. The PWAKE program 
required that thrust coefficient and collective pitch be input; the program 
takes the collective pitch and iterates on it to obtain the desired thrust 
coefficient, The program was run first with the flapped rotor blade at 
values of Cj/g of 0.06, 0.078 and 0.09, a range which covers most of -the 
hover regime of helicopters; and then again with a rotor with the unflapped 
airfoil, for a direct evaluation of the effect of flaps are made. 
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The program Input was arranged such that the model rotor blade was 
configured as follows; the aft section as measured from Cf/c « 0,50 has a 
constant 2 degrees flap deflection from the roof cutout to the tip. The 
airfoil section ustd is a NASA A-1 from root cutout to the tip. Both the 
flapped and the unflapped rotor blades has 8 degrees of linear geometric 
twist. The section aerodynamic characteristics required are the static 
lift and drag coefficients as a function of angle of attack and Mach number; 

The principle overall results is shown in figure 13, a plot of power 
coefficient for various thrust conditions. Figure 13 shows that there is a 
very small power penalty for the flapped rotor as compared with the unflapped 
case. Figure 14b shows the curve representing the induced torque for that 
case; it is apparent from the plots that the induced torques show a minimal 
decrement from 0.91R station to the tip with the flap deflected rather than 
with it retracted. This can be attributed to the small change in lift 
distribution experienced in the same area (see figure A'^a) , The profile 
power distribution is displayed in Figure 14c. It is apparent from figure 
14c that the profile power loading show a minimal increment from 0.375R 
station to the tip with the flap deflect rather than with it retracted. 

The total power breakdown is as follows for the case of Cj/g = 0.08 


and 9.75 = 6.39 

Profi le 

Induced 

Total 


Power (HP) 

Power (HP) 

Power (HP) 

Unf 1 apped rotor 

278.5 

984.3 

1262.8 

Flapped rotor (5f=2°) 

300.8 

979 

1279.8 

aHP due to flaps 

+22.3 

-5.3 

+ 17 
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Thus, there is a penalty of 22.3 hp in prof fie power and an Improveinent 5.3 
hp in Induced power giving a total power penalty of 17 hp or 1.35X over the 
unflapped case. Such a minimal power penalty is not significant enough to 
be considered a negative result. However, the present configuration does 
not establish the need for variable camber concept in hover. 

THE MATH MODEL KOR FORWARD FLIGHT 

To examine the potential of the variable camber rotor in forward flight, 
an existing state of the art math model was modified to represent the variable 
camber rotor (see Reference 8). The basis for the math model is a model of 
the wake trailed by each blade, represented by groups of straight vortex 
segments with linearly varying vorticity from one end to the other of each 
segment. This representation included the following modeling features: 

1. Blade elastic properties are represented by a modal approach. 

2. Aerodynamic formulation is based on a lifting line system, which in- 

.. » 

eludes an approximation of unsteady aerodynamic effects, dynamic stall 
delay, radial flow, reverse flow and three dimensional tip relief 
effects. ' 

3. The vortex sheet trailed by each blade is modeled by a system of vortices 
identified as the near-wake, attached to the blade quarter chord line 
and trailed l/24th of a revolution (A4» = 15“) and a midwake, which 
extends for two additional time intervals (Aij; = 30*^) beyond the near 


4, The rotor blade is subdivided into 13 ipanwise segment of equal length, 
from root cutout to tip, thus the vortex sheet trailed by each blade 
is represented by 13 horseshoe vortices. Except for the initial "Betz" 
rollup criteria which set the spanwise location of the tip vortices, 
the wake model is otherwise rigid, and its displacement is a combination 
of flight kinematics with a uniform induced downwash velocity. 

To simplify the modeling of the variable camber distributions, provisions 
have been made to prescribe independent variable camber Tftvele for each of 
the 13 blade panels. At each computational panel, the trailing edge flap 
deflection around the azimuth can be prescribed as a Fourier series consist- 
ing of a steady value and up to two harmonics as shown below: 

2 

6p (tj>) = 6q + ^ (5nc COS n ^ + 6ns sin n t) 

n=I 

The benefit of this approach is that while the current wake model cannot 
account for any of the secondary roll up of the vortex sheet due to highly 
localized lift variations, each computation panel will carry its own horse- 
shoe vortex for At = 45° (i.e. 1/8 of a revolution). 

The unsteady and radial flow corrections are a simplication of the model 
described in Reference 9. Transonic 3-D relief corrections for the drag 
coefficient were introduced following the procedure outlined in References 
10 and 11. Tip relief on pitching moments is carried out by relieving the 
2-D data at Mach numbers beyond M = 0.7 by AR = 3..0 trends. 
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The most significant limitations of this or any math model that affects 
the applicability of the variable camber concept is the unsteady aerodynamics 
effects which remain somewhat uncertain. However, since the objective herein 
is to investigate variable-camber rotor configuration and not to investigate 
methodology, the present formulation modeled all unsteady ac' udynamics effects 
on the basis of data from 2 -D airfoils undergoing some form of sinusoidal 
motion (pitching) at constant Mach number. Also it should be noted that In 
the variable camber rotor there are contributions to the shed vorticity from 
camber changes (e.g. flap motions) which are only in part accounted for by 
the current formulation, since camber variation introduces effects not des- 
cribed by the fixed relationship between angle of attack and lift. 

CONTROL NEEDS IN FORWARD FLIGHT 

The present variable camber design concept utilizes a single control 
input with a unique combination of collective and cyclic flap deflection 
values to generate the same trim condition, as the baseline (conventional 
rotor) case. 

Vari able^camber control devices as suggeiited herein, obviously imply 
the control by deflection of the blade trailing edge flaps. As indicated 
in the section on (The Math Model For Forward Flight), the flap deflection 
schedules were defined by the following equations: 

6f i'\>) = 60+ L nc cos nt + 6ns sin n4>) 
n=2 




n 


For the variable camber concept the range of collective and lateral flap in- 
puts were limited to +10.9 and -1,4 degrees respectively. This selection was 
based on previous work on variable camber rotor. The initially selected 
value for the harmonic sine of -15.5 degrees was extended to Include both the 
-17.5 and the -19.098 degrees region, when early trend indicated the need for 
additional longitudinal cyclic control. The cyclic inputs were restricted to 
limit the maximum resultant or allowable flap d'Sf lection based on the stacking 
or combining of the collective flap input and the harmonics to 6f270 * 30 
degrees. 

These collective and first harmonic flap inputs were felt to bracket 
the probable range of acceptable flap travel to trim. With the boundaries 
of flap deflection established by the models, the next step is to determine 
the degree of correlation between the models and the actual trim. This is 
achieved by running additional selective cases and using the results for 
comparison and to upgrade the model. Thus, trim control therefore became 
of problem of nelecting the control combinations that result in the most 
favorable trade-off of performance parameter. , 

The computed values for the final flap deflectiotis required for a given 
flight condition are presented in Table 1. The results presented in Table 1 
indicated that the rotor blade requires a final flap deflection of -8.198 
degrees at the advancing blade 90 degrees azimutfi position; and 29.998 degrees 
at the retreating blade 270 degrees azimuthal position. 
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TABLE 1. FINAL FLAP DEFLECTIONS 


F!.AP DEFLECTION 
AT 270° AZIMUTH 
POSITION 
•5f270» deg 

29.998 

FLAP DEFLECTION 
AT 90° AZIMUTH 
POSITION 

•Sfgo* deg 

-8.198 • 
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CRUISE PERFORMANCE COMPARISON 


The effect of the variable camber concept on cruise performance was 
evaluated by a side-by-side comparison between the baseline (conventional) 
rotor and the variable camber rotor with low propulsive requirements. It is 
shown below that the variable camber rotor required more power than the base- 
line rotor at 192 knots (see Figure 15), The higher power requirements in 
terms of reduced cruise efficiency is shown below:’ 



BASELINE 

VARIABLE CAMBER 


ROTOR 

ROTOR 

L/DE 

10.3 

4.86 

FH 

2.581 

2.753 

X 

.014 

.014 

HP 

824.943 

1580 


where the variable camber concept incurred cruise L/Dg reduction of 48% at 
192 knots. Compared to the baseline rotor of identical flight condition, 
the variable camber concept utilizing the present design features failed to 
demonstrate the ability to decrease rotor power requirements in forward 
flight and markedly reduced cruise efficiency. 

The reduced efficiency of the variable camber rotor accrues from two 
basic phenomena. First, the negative flap deflection in the critical region 
around i|; = 90°, increased the shaft driving power through higher drag coeffi- 
cients on the advancing portion of the blade. This higher drag could in turn 
increase the high transonic drag in this area. Second, the excessive flap 
deflections required at the retreating portion of the blade and at particular^ 
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aziffiuthal locations, does negate the benefit of the variable camber concept 
as a lift control device. This is depicted in figure 16, where the variable 
camber rotor increased the shaft driving power through the higher drag coeffi- 
cients at ij/ = 43® to 360®. This is further substantiated in figure 17 for 
90®, wherrf the drag is greatly increased around the tip region for the variable 
camber rotor, ,'igure 18 shows that the variable camber rotor resulted in 

change in the azimuthal lift distribution. The primary difference between the 
* 

two rotor configurations are the oscillatory peak values of the lift. At 192 
knots the variable camber rotor generated 863N more li^t than the baseline 
rotor* It is seen that the variable camber rotor does experience more negative 
lift, and the corresponding high drag coefficients in the critic/il region 
around \{; = 90°. Thus, the variable camber concept is seen to increase power 
requirements by carrying more negative lifi; on the usual negative lift region 
on the advancing portion of the disk. This in turn, increase the high tran- 
sonic drag in this area (see figure 19). Also from figure 20, it can be seen 
from the curves of the rotor horsepower that the variable camber rotor shows a 
power increment at = 77® to 293®. This is further substantiated in figure 
21, which shows that the variable camber rotor, increased the rotor power re- 
quirements at i|/ --0° to 17° and at ij; = 68° to 345°. From figure 21, it could 
be inferred that the variable camber rotor will increase shaft driving power 
with an increase in flap deflection. 

In the above discussion, it was pointed out that the variable camber 
rotor generate more lift, than the baseline configuration. This characteris- 
tics is inherent to the variable camber concept and occurs with the pilot 
action to the flap deflection to control rotor lift and tip path plane tilt. 


While, in principle, the changes in iiiaximuni lift coefficient cannot be 
separated from the pitching inoinent coefficient changes, the relatively large 
blade pitching moment coefficient as depicted in figure 22 did result in 
large negative (nose-down) moment coefficient at !|/ * 0® to 3Z^ and at « 
142® to 345®. Also at t ® 32® to 137®, the variable camber rotor did exper- 
ience a nose-up pitching moment coefficient due to the negative flap deflec- 
tion in the advancing blade region. Figure 23 show further detail of this 
effect . 

Another mechanism by which the variable camber rotor increased the need 
for a very torsionally stiff blade was by defining a sinusoidal flap deploy- 
ment schedule that increases the blade elastic twist. This was achieved by 
a systematic vaiiation of flap deflection angle around the azimuth. The 
increase in elastic twist could be attributed to the relatively large blade 
pitching moment coefficient (see figure 22), which had an adverse effect on 
rotor performance because of change in effective twist due to torsion on 
the blade (see figure 24). With a viev/ to decreasing or eliminating the 
elastic torsional deflections of the variable camber rotor blade, the present 
variable camber design concept acopted a rigid blade by increasing the tor- 
sional frequency of the blade. 

As indicated above, the configuration analyzed herein does not show an 
improvement in rotor cruise performance, however, other factors need to be 
kept in mind which could affect this result. The deflection of the flap at 
the tip region, region of high Mach number is not considered viable, since 
the flap deflection resulted In high rotor power consumption. One method to 
avoid this situation would be to use the flap only at any portion of the 
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blade inboard of 0.90R, and use another device like the free-tip rotor 
discussed in Reference 12 to handle the tip region. 

SUMMARY AND CONCLUSIONS 

The results of this study have shown that analytically the variable cam- 
ber rotor failed to demonstrate the ability to <{ecrease rotor power require- 
ments in forward flight and markedly reduced cruise efficiency. The reduced 
efficiency was the result of excessive flap deflections at particular azi- 
muthal locations, which makes it impractical for use as a lift control device. 

The test/theory correlation for drag due to flaps shows very good agree- 
ment at all but few conditions. It was shown that large chord flaps are de- 
sirable, since they minimize the drag increment involved. Also, it was ob- 
served from the data presented, that the range of Cl where the drag is lower 
for an airfoil with large chord flap could be shifted to higher lift coeffi- 
cients with small flap deflections. Thus, it is obvious that it should be 
possible to use a flap of this type to maintain low profile drag through a 
wide range of lift coeffici ei:ts . 

The hovering rotor performance shows a minimal power penalty of 1.35% 
for the variable camber rotor over the unflapped case, this power penalty is 
not significant enough to be considered a negative result. However, the pre- 
sent configuration does not establish the need for variable camber concept 
in hover. 

The results presented herein are from math models with known limitations 
that are applicable to the baseline (conventional) rotor configuration as 
well as applicable to the variable camber rotor. 
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RECOMMENDATION 

The variable camber rotor (trailing edge flap) should be used only at 
any portion of the blade inboard of 0.90R, another device should be u<-ed to 
handle the tip region. 
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Figure 1. 


Variable Camber Rotor Blade 
With Flap Neutral 
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Figure 2(a). Math Model Representation of Variable 
Camber Rotor Blade With Trailing Edge 
FI aps Deflected 

i 



Figure 2(b). Variable Camber Rotor Blade Displacements 


Figure 2. Variable Camber Rotor Blades 
With Falp Deflected 
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Figure 3. 


Boeing Vertol VR-7 Airfoil With 0.5Qc 
Flap Deflected 20* 
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Figure 4. 


Test/Theory Correlation of Lift/Drag 
Polars for a NACA 65-210 Airfoil 
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Test/Theory Correlation of Lift/Draq 
Polars for a NACA 65-210 Airfoil 
With a 0.50c Trai 1 i ng-edge Flap 
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Figure 6. 


Test/Theory Correlation of Lift Data 
for a NACA 65-210 Airfoil 
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Figure 7. 


Test/Theory Correlation of Lift Data 
for a NACA 65-210 Airfoil with a 
Trai 1 ing-edge Flap 
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Figure 8. Numerical Analysis of the Effect of 
Flap Deflection on Lift Curve 
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Figure 9. Lift/Drag Polars for the Boeing 
VR-7 Airfoil with Flap Neutral 
and With Flap Deflected 10° 
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Figure 10. 


Numerical Analysis of Moment Data 
for the VR-7 Airfoil with Different 
FI ap Deflection Angle 
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Figure 11. Lift/Dracj Polars of the NASA 
A-1 Airfoil with Various Flap 
Chord Ratios 
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Figure 12. 


Lift/Drag Polars of a NACA 65-210 
Airfoil for Flap Neutral and 10 
Degrees Flap Deflection Respectively 
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Figure 14. Numerfcal Analysis of Lift Coefficient, 
Induced Torque Loading; and Profile 
Drag Loading Versus Blade Radial Station 
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Figure 15. Rotor Horsepower Versus X/Q 
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Drag Coefficient at the 0.968 
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Figure 19. 


CqM^ Versus Blade Radial Station 
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